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USE OF MOTHER STAMPER FOR OPTICAL
DISK MOLDING

FIELD OF THE INVENTION

The present invention relates to optical disks, and more
specifically, to manufacturing optical disks using mother
stampers.

BACKGROUND OF THE INVENTION 10

Data storage disks, and 1n particular optical data storage
disks, are widely used for a number of purposes, such as
storage of pre-recorded or mastered information. As used
herein, “mastered” information refers to information 1n 15
which content 1s incorporated (embossed) onto the disk dur-
ing the manufacture of the disk, typically in the form of a
pattern of pits and planar regions. The information may
include, for example, music recordings, movies, books, and
other media. One common type of optical disk 1s a Compact 20
Disk (CD), which pre-stores music recordings and allows the
music to be played back by the consumer or user. Another
common type of optical disk 1s a Digital Video Disk or Digital
Versatile Disk (DVD), which pre-stores and plays back audio/
visual media such as movies. Optical disks that contain mas- 25
tered information are also sometimes referred to as read-only
disks, indicating the ability to read or access the information,
but not the ability to write information to the disk.

Other types of optical disks allow the user to write or store
information onto the disk. These types of disks are sometimes 30
referred to as write-once or read/write disks, which allow the
user to both write information to and read information from
the disk. Information can be written, for example, by down-
loading data via computer networks such as the Internet onto
data storage disks. The downloaded data may include the 35
same type of information as pre-recorded data, 1.e., movies,
music recordings, books, and other media.

In the prior art, information 1s typically stored on the mas-
tered or read-only optical disk in the form of a sequential
pattern of pits on the disk surface, indicating binary informa- 40
tion. The detection of these pits 1s based on the principle of
optical contrast detection. For example, the light from the
laser 1s retlected off the pit and the planar region between the
pits. The depth of the pits 1s such that constructive or destruc-
tive effects occur, creating an optical contrast between the pits 45
and planar regions. Photodetectors at the optical head sense
that optical difference and decode the information as a binary
information transition, €.g., from 1 to O or from O to 1.

In read/write disks, the information 1s stored 1n the form of
marks, usually 1n the grooves of the disk. Such marks can 50
typically be a change in the nature of the material, such as in
the structure of the material. Storing information or writing,
data onto the disk requires energy, typically in the form of
laser light, to form the physical marks 1n the matenal. Typi-
cally, the marks are written on the groove. 55

The pits and grooves are formed on the disk using a father
stamper, which has features (i.e., bumps and lands) that are
mirror 1mages or opposite polarity of the pits and grooves.
Father stampers are formed, beginning with a glass master
disk. Photoresist 1s deposited on the glass master disk. After 60
being coated with photoresist, the master 1s placed on an
air-bearing spindle. A master bench laser exposes selected
portions of the photoresist to create the desired pattern of pits
and/or grooves. Alter the photoresist 1s exposed and devel-
oped, which washes away the exposed resistto leave gaps and 65
grooves, the master disk 1s plated with nickel in a process
known as electroforming. The nickel mold, known as the

2

father stamper, 1s separated from the photoresist and master
disk. The father stamper has features that are mirror images of
the features cut by the laser. Using polycarbonate, for
example, 1n an 1njection molding process creates the disk with
pits and recessed-grooves as originally cut by the laser.

The grooves are typically formed in a wobble that gener-
ates a sinusoidal signal used to control the rotational speed of
the disk and to generate a clock signal. For example, U.S. Pat.

Nos. 4,972,410 and 5,682,365 to Carasso et al. describes

disks with wobbles and are incorporated by reference 1n their
entirety. The grooves may also contain high-frequency
wobble marks within the wobble which can be used to 1ndi-
cate other information, such as the addresses of the physical
sectors. Details are disclosed in commonly-owned U.S.
patent application Ser. No. 09/542,681, entitled “Structure
and Method for Storing Data on Optical Discs™, which 1s
incorporated by reference 1n 1ts entirety. In reading the disk,
features cut by the original mastering laser are tracked. Thus,
because disks created using a father stamper process have
originally-cut features along the grooves, tracking 1s on the
wobbled grooves, and information 1s written on the grooves.

Reading or playing back the information 1s typically
achieved by the optical reader transmitting a light beam onto
the information layer and detecting the characteristics of the
reflected light. In the case of what are called front or first
surface disks, the information surface 1s the first surface that
the read or write laser impinges. To the contrary, 1n second
surface disks, the information surface 1s the second surface
that the read or write laser impinges, the first surface being the
surface of the substrate. The stored information 1s read by
detecting the absence or presence of the marks 1n the grooves
ol the coating layer, such as by an optical head or reader. This
then allows the stored information to be played back. The
detection principle for recorded information in such disks 1s
often the change in the refractive indices of the coating layer.
Another principle in such disks 1s the change in the polariza-
tion axis of the light.

Reading or playing back the information in second surface
disks 1s typically achieved by the optical reader transmitting
a light beam through the substrate of the disk and onto the
information layer (1.e., the groove and pits) and reflecting the
light beam back through the substrate. The substrate 1s typi-
cally a clear plastic material on which the information layer 1s
formed. Because the light i1s incident on two surfaces (the
substrate surface and the information surface), these type of
disks can be referred to as second-surface or substrate-inci-
dent disks or media.

The relatively thick and transparent substrate of second-
surface optical media makes read-only or read/write opera-
tions relatively insensitive to dust particles, scratches and the
like since they can be located more than approximately 500
wavelengths from the information layer and hence are defo-
cused. On the other hand, the second-surface optical medium
can be relatively sensitive to various opto-mechanical varia-
tions. For example, common opto-mechanical variations
include tilt of the substrate relative to the optical axis, sub-
strate thickness variations, and/or substrate birefringence.

These variations give rise to optical aberrations which
degrade system performance arising from the presence of the
thick transparent layer and which can, at least theoretically, be
partially compensated for by using a suitable optical path
design. Such an optical path typically can only provide com-
pensation for a single, pre-defined thickness of the layer.
Because there are likely to be variations 1n the thickness or
other properties of the transparent layer, such compensation
may be less than desired at some locations of the medium.
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Another drawback associated with second-surface optical
media 1s that the optical requirements of such media are

substantially inconsistent with the miniaturization of the disk
drive and optical components for such media. As will be
appreciated, a longer working distance (distance between the
objective lens and the information content portions) 1is
required for an optical system that will read information from
or write information onto second-surface media. This 1s due
to the relatively thick transparent layer through which the
radiation must pass to access the recording layer. To provide
the longer working distance, larger optical components (e.g.,
objective lenses) are required.

Accordingly, an optical disk 1s desired that overcomes the
disadvantages discussed above with conventional optical

disks.

SUMMARY OF THE INVENTION

In accordance with one aspect of the mvention, an optical
disk 1s manufactured using a mother or second generation
stamper, in which information is stored on bumps and written
to and read from raised lands (the portions closest to the read
head or laser 1n a first surface disk). The mother stamper has
teatures that are opposite 1n polarity to the father or a first
generation stamper.

First a master 1s formed by using a laser to expose areas of
photoresist on a master glass disk and then developing the
photoresist to create recessed pits and grooves 1n areas
exposed by the laser. Next, a metal coating 1s sputtered onto
the photoresist layer, and a nickel stamper 1s formed over the
recessed pits and grooves by an electroforming process. This
nickel or father stamper thus has raised bumps and wobbled
spiral protrusions corresponding to the original laser or mas-
tering cut. Because this stamper 1s the first one formed from
the master cut, father stampers can also be referred to as first
generation stampers. The father stamper 1s then covered with
nickel 1n a second electroforming process to form the mother
stamper or a second generation stamper. After removal, the
mother stamper has the same recessed pits and wobbled
grooves as the original laser cut. The recessed pits will cor-
respond to bumps 1n the eventual pre-recorded or ROM por-
tions of the disk, while the recessed grooves will correspond
to raised wobbled lands 1n the writeable or recordable por-
tions. The mother stamper can now be used in an 1njection
molding process, e.g., with polycarbonate, to form the optical
storage disk of the present invention.

Since a mother stamper 1s the mirror image of the father
stamper, €.g., protrusions of the father stamper are recesses of
the mother stamper and vice versa, disks formed from mother
stampers have lands and bumps that correspond to the origi-
nal laser cuts in the photoresist of the master glass disk.
Consequently, wobbles formed by the original laser cut are
reproduced along the lands of the disk, which allows tracking,
ol features of the original cut along the lands.

Further, 1n accordance with the invention, the data or infor-
mation layer of optical disks formed from mother stampers
are coated with a phase-change matenial having the property
ol a constructive physical and optical phase change when
written to. Information 1s written to the phase-change mate-
rial overlying the lands, instead of the grooves. The combi-
nation of the phase-change material and the grating effect
created by the grooves and lands results 1n higher readback
signal amplitudes (e.g., CNRs) when writing on the lands, as
compared to writing on the grooves. This 1s due 1n part to the
positive optical phase change between writing on lands and
grooves. The positive phase change reduces the effective
depth of the grooves when writing on lands, but increases the
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cifective depth of the grooves when writing on grooves.
Reducing the effective depth increases the reflectivity, result-
ing 1n a higher readback signal amplitude. Furthermore, the
change 1n optical constants between crystalline (written-to)
portions and amorphous (unwritten-to) portions adds to the
reflectivity when writing to lands. This increased reflectivity
due to change 1n optical constants also results in higher signal
amplitudes.

In one embodiment, the phase-change material 1s 1n an
amorphous state prior to writing. Once written to, such as
with a laser, the written-to portion transitions to a crystalline
state, which changes the optical phase. The change from
amorphous to crystalline state, combined constructively with
the grating eflfects, results 1 higher retlectivity and thus
higher signal amplitude when writing to the lands. First sur-
face recording for such a disk (i.e., a laser writes to and reads
from the lands instead of the grooves) results in higher carrier-
to-noise ratios (CNRs). Higher CNRs ultimately result in the
capability to store more data 1n a given area.

The present invention will be more fully understood when
taken 1n light of the following detailed description taken
together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s side view of a glass master coated with photore-
s1st;

FIG. 2A 15 a top view of the master of FIG. 1 after laser
eXposure;

FIG. 2B 1s a side view of the master of FIG. 2A along
sectional line 2-2;

FIG. 3 15 a side view of the master of FIG. 2B after photo-
resist development;

FIG. 4 15 a side view of the master of FIG. 3 coated with a
seed layer;

FIG. 5 1s a side view of the master of FIG. 4 coated with
nickel to form a father stamper;

FIG. 6 1s a side view of a father stamper formed according,
to one embodiment of the invention;

FIG. 7 1s a side view of a mother stamper formed from the
father stamper of FIG. 6;

FIG. 8 1s a side view of an optical disk formed from the
mother stamper of FIG. 7;

FIG. 9 1s a side view of the optical disk of FIG. 8 coated
with a phase-change material according to one embodiment
of the invention;

FIG. 10 1s a side view of the optical disk of FIG. 9 coated
with a protective layer;

FIG. 11 1s a plot showing the change in optical phase
between crystalline and amorphous portions of the phase-
change material as a function of the thickness of the protec-
tive layer;

FIG. 12 15 a plot showing the data signal amplitude as a
function of the width of the groove or land when writing to the
groove or land with and without phase shifts; and

FIG. 13 1s a plot showing the effect of groove depth on
relative phase difference and reflectivity.

Use of the same or similar reference numbers in different
figures indicates same or like elements.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with one aspect of the present invention, an
optical disk 1s manufactured using a mother stamper instead
of a father stamper. The mother stamper 1s formed from a
tather stamper and 1s the mirror image of the father stamper.
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The optical disk formed from the mother stamper has lands
and bumps for storing mformation, and features are tracked
along wobbled lands, which correspond to cuts made by the
original mastering laser. A phase-change material having a
constructive positive phase change when written to 1s used for
the information layer.

FIGS. 1-10 show how to make an optical storage disk
according to one embodiment of the mvention. In FIG. 1, a
glass master disk (also referred to as a “master”) 100 1s coated
with a film 102 to improve adhesion for a deposited layer of
photoresist 104. Film 102 can be chrome, a saline coupling,
agent, or other suitable film. Photoresist 104 1s typically a
positive photoresist. Photoresist 104 1s applied to master disk
100, such as through a spinning process, where the photore-
s1st 1s placed 1n the center of the spinning disk, which causes
the photoresist to centrifugally spread outward to coat the
disk. The thickness of the photoresist corresponds to the
height of the features of the disk to be formed. In one embodi-
ment, photoresist 1s deposited to a thickness of between 20
nm and 120 nm, with a typical thickness of 83£5 nm. This
typical thickness has been shown 1n one system, the Data-
Play™ disk and engine, to provide acceptable overall system
performance 1n areas such as reflectivity, resolution, and
modulation depth. This thickness corresponds to the eventual
height of the bumps and lands of the resulting optical disk.
After photoresist 104 1s deposited, the photoresist 1s cured,
such as 1n an oven.

Master disk 100 1s then transferred to a disk mastering
machine, which includes components to rotate master 100
while being selectively exposed by a laser. Master 100 1s
rotated at a constant linear velocity, such as approximately 1.4
m/s. While rotated, the side of master disk 100 coated with
photoresist 104 1s exposed to a laser starting at an outer
portion of the disk and spiraling inward toward the center. The
properties of the photoresist are such that exposed portions
react at the wavelength of the cutting laser. The laser 1s inter-
mittent to expose portions of photoresist 104 that will be
bumps 1n the optical disk, while skipping over portions
between, forming a pattern that will be bumps and planar
regions 1n the pre-recorded or ROM portions of the finished
optical disk. The laser 1s continuous over portions that will be
a spiral of lands 1n the writeable portions of the optical disk.

FIGS. 2A and 2B show glass master disk 100 after being
selectively exposed by the laser. F1IG. 2A 1s a top view of
master 100 showing exposed portions 200 that will eventually
correspond to bumps 1n the resulting disk and unexposed
portions 202 that will eventually correspond to planar regions
between the bumps 1n the resulting disk. FIG. 2A also shows
sinusoidal wobbles 204 cut by the laser, which will eventually
correspond to raised wobbled lands 1n the completed disk.
FIG. 2B 1s a side view along sectional line 2-2, showing
exposed portions 200 of photoresist 104. It should be noted
that although FIG. 2A shows portions that will correspond to
both bumps (ROM portion) and lands (writeable portion),
optical disks according to the invention can have all ROM
portions on a side, all writeable portions on a side, or a
combination of both. Such disks are described in commonly-
owned U.S. patent application Ser. No. 09/764,042, entitled
“First-Side Dual-Layer Optical Data Storage Disk and
Method of Manufacturing the Same”, filed Jan. 16, 2001, and
Ser. No. 09/560,781, entitled “Miniature Optical Disk for
Data Storage™, filed Apr. 28, 2000, both of which are incor-
porated by reference in their entirety.

After exposing, photoresist 104 1s developed, such as in an
aqueous alkali solution by an automatic developing machine,
to remove or etch the exposed portions 200 of photoresist 104,
as shown 1n FIG. 3, to reveal recesses from the original laser
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cut. The depth of etch 1s monitored, and etching 1s typically
stopped when the glass surface has been reached. The devel-
opment step can also mnclude multiple rinsing steps, such as
with deionized water. Note that the recesses can be formed
using a single laser ablation or other types of removal pro-
cesses 1o replace separate laser exposure and photoresist
removal steps. In FIG. 4, master 100 and photoresist 104 are
then coated with a thin conductive or seed layer 400, e.g.,
s1ilver, nickel, or gold, with a thickness between 1 nm and 10
nm and a typical thickness of 5 nm. This can be performed by
sputtering in a vacuum chamber.

Next, master 100 1s coated with nickel 1n an electroforming
process to produce a father stamper. A father stamper can also
be referred to as a “first generation” stamper because 1t 1s the
first stamper produced from the master disk. Typically, master
100 1s immersed 1n a nickel bath and connected to a cathode,
with an anode of beads of nickel also in the nickel bath.
Current 1s run through the bath, which causes nickel 500 to
plate ol and deposit onto master 100, as shown in FI1G. 5. The
master 1s then removed from the bath and the nickel plating
removed Irom the master. The result 1s a father stamper 600,
as shown 1n FIG. 6. Father stamper 600 1s typically rinsed,
such as with sodium hydroxide, to remove any residual pho-
toresist particles. As seen, the original laser cuts to photoresist
104 correspond to protrusions 602 of father stamper 600.

Father stamper 600 can now be used to make a mirror
image mother stamper 700, as shown 1n FIG. 7 using methods
known to those skilled in the art. Mother stampers can also be
referred to as second generation stampers since they are
formed from father or first generation stampers. For example,
father stamper 600 1s submersed in a nickel electroforming
bath (as described above), where nickel {ills the features of the
tather stamper. A mother stamper 1s plated onto the father 1n
a process similar to a father stamper being plated onto a
master. After plating, the mother stamper 1s separated from
the father stamper.

Note that mother stamper 700 has recesses 702 corre-
sponding to protrusions 602 of father stamper 600. These
recesses 702 correspond to the original laser cut, and there-
tore also follow the original wobble of the grooves. An opera-
tion 1s next performed on mother stamper 700, 1n which
mother stamper 700 1s trimmed to size, a center hole 1s
punched through the center of the stamper, and the back side
1s polished to fit 1n the mjection molding machine.

According to the present invention, an optical storage disk
1s made using mother stamper 700 1n an 1njection molding
process, mstead of the father stamper as commonly used in
the prior art. Note that other stampers that are mirror images
ol the father stamper can also be used to manufacture disks
according to the mvention. For example, 11 a third stamper
was formed from the mother stamper, a fourth stamper
tormed from the third stamper will have the same polarity of
teatures as the mother stamper (1.e., the mirror 1mage of the
tather stamper) and thus can also be used to manufacture the
disk. In general, all “even-numbered” generation stampers
can be used according to the invention, where the first gen-
eration stamper 1s a father stamper and all “odd-numbered”
stampers have the same feature polarity as the father stamper.
Mother stamper 700 1s fitted into an 1njection mold, which 1s
injected with polycarbonate to form the optical disk, such as
in commonly known DVD and optical disk manufacturing
processes. The polycarbonate 1s first dried before injection in
order to prevent bubbles from forming during the molding
process. Note that plastics other than polycarbonate can also
be used to form the optical disk.

FIG. 8 shows a polycarbonate disk 800 formed from
mother stamper 700. The polycarbonate flows into and {fills
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recesses 702 of mother stamper 700. Polycarbonate disk 800
1s then separated from mother stamper 700, where disk 800
has bumps 802 and raised lands (not shown) corresponding to
the original laser cut. Because the original laser cut creates
sinusoidal wobbles when forming the original lands or
grooves, the lands formed with the mother stamper reproduce
the original wobbled cuts. It will be appreciated by those
skilled 1n the art that the process described above can be used
to simultaneously mold both sides of an optical disk, thereby
avoiding the need for multiple sequential molding processes
and subsequent lamination of two 1ndividual substrates.

In FIG. 9, a layer of phase-change recording material 900
1s formed over polycarbonate disk 800, such as by physical
vapor deposition (e.g., evaporation or DC or RF sputtering).
In one embodiment, the thickness of phase-change recording
material 900 1s between 80 and 90 nm, with a typical thick-
ness of 85 nm. An argon and oxygen gas 1s typically used as
the sputtering gas. A temperature ol approximately between
165° C. and 175° C. transitions the material from an amor-
phous to a crystalline state. Other properties of the phase-
change layer are refractive indices with real parts n o14.2+3%
and 2.55+3% 1n the amorphous and crystalline states, respect-
tully, and imaginary parts k of 3.0£3% and 4.7+3% 1n the
amorphous and crystalline states, respectiully.

Phase-change recording material 900 has properties such
that the material 1s 1n a first state after formation on the
substrate, but changes to a second state after it 1s written to,
such as by a laser. In one embodiment, the material 1s 1n an
amorphous state after deposition. However, once the laser
impinges on the material at a high enough power to write (1.¢.,
1s written to), that portion 1s changed to a crystalline state
having a higher reflectivity and a different optical phase or
constants than the amorphous portions. One additional prop-
erty 1s that the optical phase change 1s 1n the same direction as
the physical change, 1.e., constructive with respect to read-
back signal amplitudes. The differences between writing on
the phase-change recording material over lands and over
grooves 15 described 1n detail later. An example of a suitable
material for phase-change recording material 900 1s an
SbInSn alloy (e.g., Sb.,In,.Sn, ;) disclosed 1n U.S. Pat. No.
4,960,680 to Pan et al., which 1s incorporated by reference 1n
its entirety. Using SbInSn for phase-change recording mate-
rial 900, the deposited thickness ranges between 60 nm and
120 nm, with a typical thickness of 85 nm.

In FI1G. 10, a protective dielectric layer 1000 1s deposited
over the layer of phase-change recording material 900 or
information layer. One type of protective dielectric layer
1000 1s silicon oxynitride or S1O,N, having a thickness
between 40 nm and 80 nm, with a typical thickness of 60 nm
for an mdex of refraction of 1.6. The index of refraction 1s
tunable between 1.4 and 2.1. FIG. 11 1s a plot showing the
change 1n optical phase between the written-to (or crystalline)
portions and the unwritten-to (or amorphous) portions as a
tfunction of the thickness of the dielectric layer. The thickness
of the dielectric layer 1s varied, while maintaining a constant
thickness of the underlying phase-change material layer. As
seen from FIG. 11, the optical phase shift 1s always positive
within the range of dielectric layer thicknesses.

FI1G. 12 15 a plot showing the effects of the above-described
positive phase change on data signal amplitude (in dBm) of a
reflected read signal as a function of the width of the feature
(groove or land). As will be described 1n more detail, this
grating structure of grooves and lands combined with the
phase-change recording material makes 1t desirable to write

on the lands instead of the grooves.
The plotin FIG. 12 1s for a fixed groove depth o1 80 nm and
read power of 0.35 mW. Long-dashed curve 1200 shows the
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signal amplitude when there 1s no optical phase shift between
a written mark and an unwritten portion. As shown from curve
1200, writing to a groove and writing to a land exhibits no
change 1n performance, 1.e., both curves coincide. However,
when there 1s a phase shiit between written marks and unwrit-
ten portions, as shown by short-dashed curve 1210 and solid
curve 1220, a signmificant difference in signal amplitudes exist
when writing on grooves and on lands. Short-dashed curve
1210 shows signal levels when writing to grooves with a
positive 12° phase shift between the written marks (crystal-
line portions) and unwritten portions (amorphous portions),
resulting from the change 1n optical constants of the phase-
change layer. Thus, writing to the grooves, where there 1s a
positive phase shift from the unwritten to the written state, the
signal amplitudes are no better than approximately —17 dBm.
Furthermore, even to reach —-17 dBm, the feature width,
which 1n this case 1s the width of the groove, has to be greater
than 500 nm. These size feature widths are not practical to
manufacture.

On the other hand, 1f writing 1s to the lands, as shown by
solid curve 1220, signal amplitudes are approximately 15
dBm higher than writing to the grooves. Even at feature
widths wider than 500 nm, signal amplitudes, when writing to
lands, are still approximately 4 dBm greater than when writ-
ing to grooves. This difference between writing to lands and
grooves 1s attributed to the interaction between the grating
structure and the optical constants of the recording layer.

Optical constants affect both the phase and amplitude of
the reflected beam. The optical constants of the crystalline
region result 1 an increased reflectivity amplitude with
respect to the amorphous regions. Also, the change 1n optical
constants between amorphous and crystalline regions 1s such
that the optical phase difference 1s positive (1.e., the effective
optical path length for light reflected from the crystalline
region 1s greater than that for light reflected from the amor-
phous region). When writing on lands, this increase 1n phase
reduces the difiractive power of the grating, thereby increas-
ing the reflectivity of the crystalline regions further. Since
both the amplitude and phase efiects contribute to higher
reflectivity in the crystalline regions, the net effect 1s an
enhancement of signal when writing on lands.

When writing on grooves, the diffractive power of the
grating 1s increased in the crystalline regions. This has the
elfect of reducing the reflectivity. Since the amplitude of the
reflected light 1s still increased by the optical constants, the
phase and amplitude eflects tend to cancel one another, result-
ing in reduced readback signal amplitudes.

FIG. 13 1s a plot showing the relative reflectivity and phase
difference between land and groove as a function of groove
depth. Dashed line 1300 shows the reflectivity, while solid
line 1310 shows the relative phase difference. Note that FIG.
13, which illustrates the qualitative effects of groove depth, 1s
shown 1n arbitrary units for the phase difference and retlec-
tivity for a wavelength o1 650 nm and an index of refraction of
1.0. In one embodiment, the groove depth 1s 85 nm, which, as
seen from FIG. 13, provides the maximum relative phase
difference between the groove and land. This 1s necessary to
maximize the push-pull tracking signal. As the groove depth
decreases, the relative reflectivity increases. However, as the
groove depth increases from 85 nm, the relative reflectivity
decreases until the groove depth reaches approximately 160
nm.

For an information layer or active layer of InSnSb and an
overlying dielectric layer, as described above, the phase dii-
ference between the crystalline (written-to) and amorphous
(unwritten-to) portions 1s always positive (see, e.g., FIG. 11)
within practical active and dielectric layer thicknesses, e.g.,
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approximately 100 nm for each layer. This positive phase
difference corresponds to a longer optical path for the crys-
talline portions as compared to the amorphous portions. Thus,
when writing to grooves, the depth of the groove appears
deeper. However, when writing to lands, the depth of the 5
groove appears shallower. Consequently, as seen 1n FIG. 13,
writing to the lands results 1in higher reflectivity written marks
than writing to the grooves.

Further, due to the differences 1n the optical constants for
crystalline and amorphous portions, the reflectivity of crys- 10
talline portions 1s higher than the reflectivity of amorphous
portions. Additionally, written-to portions contract as they
transition from an amorphous to a crystalline state. This con-
traction contributes to the eflects of the optical constants
change. Phase-change material, such as an SbInSn alloy dis- 15
cussed above, 1s used for the information or data layer with
optical disks formed using a mother stamper. When a portion
of the phase-change material 1s written to, e.g., 1lluminated
with a laser beam at sufliciently high power, that portion
becomes recessed relative to the surface of the surrounding 20
amorphous portions of the phase-change material. This
physical depression corresponds to a positive optical phase
shift.

For example, for an 85 nm thick amorphous layer, the
written-to portion 1s recessed approximately 8 nm from the 25
surface of the surrounding amorphous portions. This 8 nm
depression corresponds to approximately a 9° optical phase
shift at a wavelength of 650 nm. The positive 9° optical phase
shift contributes to, as opposed to offsets, the phase shift due
to the change 1n optical constants, which 1s also positive. 30
Consequently, a relatively large positive phase shiit occurs 1n
the written-to portions of the phase-change layer. This
reduces the effective depth of the groove when writing to
lands, while increasing the effective depth of the groove when
writing to grooves. It 1s noted that a phase-change material in 35
which both contributions are to a negative phase shift can also
be used. For example, one characteristic of such a material 1s
that the written-to portions would need to expand or become
protrusions between surrounding amorphous portions when
writing in grooves. 40

Thus, from the above contributions, the total reflectivity of
a crystalline mark when writing to lands 1s higher than when
writing to grooves for disks formed according to the present
invention.

The higher reflectivity when writing to lands translates 45
advantageously to higher signal levels. The signal amplitude
of the written mark depends on the difference of retlectivity
between the amorphous and crystalline portions. The greater
the difference, the higher the contrast, and the higher the
signal amplitude. This difference of reflectivity can be 50
expressed as a modulation depth M, where the signal ampli-
tude 1s directly proportional to the modulation depth M.
Equations 1 and 2 below are first order approximations for the
modulation depths when writing on grooves and lands,
respectively. 55

M_groove=(Rx-0-Ra)/(Rx—-0)=1-[Ra/(Rx-0)] (1)

M_land=(Rx+0-Ra)/(Rx+0)=1-[Ra/(Rx+0)] (2)

Ra 1s the reflectivity of the amorphous portions, Rx 1s the 60
reflectivity of the crystalline portions, and o 1s the phase
difference or shift between the amorphous and crystalline
portions.

As seen from equations 1 and 2, when 6=0 (1.¢., no phase
elfects), the modulation depth 1s the same for the land and 65
groove (1.e., M_land=M_groove). Thus, with no phase
elfects, there 1s no difference with respect to retlected signal
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strength when writing to lands or grooves. This 1s shown by
long-dashed curve 1200 of F1G. 12, 1.e., curve 1200 showing
the signal amplitude when writing to lands and grooves 1s the
same. However, when 6>0 (1.e., there 1s a phase difference
between the amorphous and crystalline portions), the modu-
lation depth 1s greater when writing on lands than when
writing on grooves (1.e., M_land>M_groove). Accordingly,
the reflected signal amplitude 1s greater when writing on
lands than on grooves. This 1s shown also 1 FIG. 12, where
solid curve 1220 shows the signal amplitude when writing to
lands 1s greater than the signal amplitude when writing to
grooves shown by short-dashed curve 1210.

As a result, information 1s written to the lands 1n accor-
dance with disks manufactured using mother stampers. Solid
curve 1220 also shows that by a land width of approximately
400 nm, the signal amplitudes remain fairly constant. Accord-
ingly, during manufacture of the disk, the lands are formed
with widths of approximately 400 nm.

Furthermore, as discussed above, the lands have the same
features as the original or mastering laser cuts. Features that
are used for tracking must be the same as the ones cut by the
original mastering beam. As a result, tracking 1s along the
lands for disks made from mother stampers. Therefore,
according to the present invention, disks formed using mother
stampers and coated with phase-change maternial, as
described above, allow read and write heads to read and track
along the lands, which correspond to features of the original
laser cut.

To summarize, an optical disk formed using mother stamp-
ers includes two types of areas, a ROM or pre-recorded por-
tion containing bumps and adjacent spaces and a writeable or
recordable portion containing spiral lands and grooves. The
ROM portions contain a spiral track of bumps that are
embossed onto the disk during manufacture, the bumps being
separated by spaces; immediately following manufacture, the
writeable portion contains only spiral grooves and lands,
which are also embossed or molded onto the disk. The ROM
portions do not need to contain lands because the track of
embossed bumps can be used by the optical head for tracking
purposes. In the writeable portions, the wobbled lands
between the turns of the groove allow tracking during the
reading or writing of information. The digital information in
the writeable portion consists of crystalline marks i the
otherwise amorphous active layer. The crystalline marks,
which are analogous to the bumps in the ROM portions 1n that
they contain the stored information, are formed on the lands.

The above-described embodiments of the present inven-
tion are merely meant to be illustrative and not limiting. It waill
thus be obvious to those skilled in the art that various changes
and modifications may be made without departing from this
invention in i1ts broader aspects. Therefore, the appended
claims encompass all such changes and modifications as fall
within the true spirit and scope of this mvention.

We claim:

1. A method of making a first-surtace optical disk, com-
prising;:

providing a father stamper, wherein the father stamper

comprises spiral protrusions on a first portion of a first
surface and bumps on a second portion of the first sur-
face, the spiral protrusions and bumps corresponding to
original laser cuts;

coating the first surface of the father stamper with nickel;

separating the nickel from the first surface to produce a

second stamper having groove recesses and pits on a first
surface, wherein the groove recesses are mirror 1mages
of the spiral protrusions and the pits are mirror images of
the bumps;
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covering the first surface of the second stamper with a
plastic material;

separating the plastic material from the second stamper,
wherein the plastic material has lands corresponding to
the groove recesses of the second stamper and bumps
corresponding to the pits;

depositing a phase-change material directly over the lands
and bumps, wherein the phase-change material 1s 1n a
first state upon deposition and 1n a second state after
being written to, and wherein the change from the first
state to the second state changes the optical phase of the
phase-change material in the positive direction, the
lands forming a writeable area of the first-surface disk
and the bumps forming a read-only area of the first-

surface disk; and

depositing a dielectric layer over the phase-change mate-
rial to form the first-surface optical disk, the dielectric
layer being deposited to have a thickness that enhances
an optical phase difference between the first and second
states ol the phase-change material, the first-surface
optical disk consisting of no further layers.

2. The method of claim 1, wherein the covering comprises
injecting the plastic material using an injection molding pro-
CEesS.

3. The method of claim 1, wherein the phase-change mate-
rial 1s an SbInSn alloy.

4. The method of claim 1, wherein the providing com-
prises: providing a glass master disk with a first and a second
principle surface; depositing a photoresist layer on the first
principle surface of the disk; removing selected portions of
the photoresist layer; depositing nickel over the photoresist
layer; and separating the nickel from the photoresist layer to
form the father stamper.
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5. The method of claim 4, wherein the removing 1s by laser
ablation.

6. The method of claim 4, wherein the removing com-
prises: exposing the selected portions of the photoresist layer;
and etching the selected portions.

7. The method of claim 6, wherein the exposing 1s per-
formed with a laser and results 1n the original laser cuts in the
photoresist layer.

8. The method of claim 4, further comprising rotating the
glass master disk and exposing the selected portions with a
laser prior to the etching.

9. The method of claim 4, wherein the deposited photore-
sist layer 1s between approximately 20 nm and 120 nm.

10. The method of claim 4, wherein the deposited photo-
resist layer 1s between approximately 80 and 90 nm.

11. The method of claim 1, wherein data 1s written to the
lands from exposure by a light source.

12. The method of claim 1, wherein the dielectric layer
comprises silicon oxynitride.

13. The method of claim 1, wherein the second stamper 1s
a mother stamper.

14. The method of claim 1, wherein the father stamper 1s a
first generation stamper, and the second stamper 1s an even-
numbered generation stamper.

15. The method of claim 1, wherein the second stamper has
features that are opposite 1 polarity to features of the father
stamper.

16. The method of claim 1, wherein the plastic material 1s
a polycarbonate matenal.
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